Background. Little information is available about the accuracy of the teeth mark on the laryngeal tube (LT) as a guide to correct placement in children. The aim of this crossover study was to evaluate three methods for optimal insertion depth of the size (#) 2 tube in children weighing 12 -25 kg.
Laryngeal tube (LT, VBM, Medizintechnik, Sulz, Germany) is a recently developed supraglottic airway device. Appropriate insertion depth is considered to be determined either by the teeth mark on the LT or by feeling the resistance at the oesophageal inlet. 1 However, inadequate ventilation frequently occurred when the LT size (#)2 was positioned by the former method. 2 3 Further, the resistance at the oesophageal inlet is not easily appreciated in children, especially by novices. Children requiring the LT #2 vary in height and weight, and therefore variability in the teeth to oesophageal inlet distance is to be expected. Although the use of LT in paediatric patients has been reported, 2 -5 there are few data concerning the insertion depth in children, and in particular, the adequacy of the teeth mark for correct positioning.
The oesophageal inlet, at which point the distal balloon of the LT should be positioned, is located just behind the lower edge of the cricoid cartilage. 6 Therefore, we assumed that the optimal insertion depth of LT could be measured as the distance from just posterior of the cricoid cartilage, over the tongue base, to the upper incisor. We hypothesized that, in children, this distance might be a better indicator for the optimal insertion depth than the teeth mark. The purposes of this study are to assess this, in addition to evaluating the teeth mark as an indicator of the insertion depth.
Methods
After approval from the hospital Ethics committee, and obtaining written informed consent, we studied 22 ASA 1 and 2 ASA 2 children, weight 12-25 kg, undergoing elective orthopaedic surgery of ,2 h duration under general anaesthesia. Patients with a risk of pulmonary aspiration and any pathology of the upper respiratory or alimentary tract were excluded.
The patients were not pre-medicated. In the operating theatre, monitoring consisted of ECG, non-invasive blood pressure, pulse oximetry, capnography, and inspired and expired sevoflurane concentration (Solar 8000M, GE, Milwaukee, WI, USA). An i.v. catheter was placed before operation. After administration of atropine 0.02 mg kg
21
, anaesthesia was induced with i.v. thiopental sodium 5 mg kg 21 . Rocuronium 0.6 mg kg 21 was injected to facilitate airway manipulation and surgery. The lungs were ventilated with sevoflurane 4-8 vol.% in oxygen 100% via a facemask before the insertion of LT in order to prevent possible hypoxia.
The LT was positioned by an anaesthesiologist with experience in LT insertion in .20 patients. Before insertion, the cuffs were deflated and a water-soluble lubricant was applied. The patient's head was slightly extended on the neck (sniffing position). The tip of the LT was placed against the hard palate, behind the upper incisors, and the device was inserted in the centre of the mouth.
The tube was inserted three times in succession on the same patient in the sniffing position by the three different insertion methods, the order of which was randomized by computer. With method A, the LT was inserted until the thick teeth mark on the tube was at the upper incisor. With method B, the LT was inserted until resistance was felt. With method C, it was inserted until the mark, previously made on the LT, was at the upper incisor; this mark was obtained by placing the distal cuff of the LT just behind the cricoid cartilage on the side of the face of the anaesthetized patient, and then marking the point on the LT at the level of the upper incisor. Using previously obtained lateral head and neck X-rays of children, we had postulated the possible path of the LT. Because the insertion pathway is curved along the upper airway, we imagined a curved line from the upper incisor through the mandibular angle to the cricoid cartilage (Fig. 1) . The cuffs were inflated using a cuff inflator (VBM, Medizintechnik) until the pressure reached 60-70 cm H 2 O.
After each insertion, appropriate ventilation was assessed by gently squeezing the reservoir bag at airway pressure 5 cm H 2 O, and by observing the capnographic waveform and chest movement. The effectiveness of ventilation was scored from 0 to 3 based on three items (no leakage during an airway pressure of 15 cm H 2 O, bilateral chest excursion with 20 cm H 2 O of peak inspiratory pressure, and a squarewave capnogram; each item scored 0 or 1 point). Thus, if all three items satisfied the condition, the score was 3. The insertion depth was recorded with reference to the manufacturer's thick teeth mark.
After fixing the LT, its position was assessed using a fibreoptic bronchoscope. During fibreoptic bronchoscopic examination, jaw thrust or further neck extension was done to facilitate the identification of the vocal cord. The airway view was scored according to the structures that could be visualized: 1, vocal cords; 2, arytenoids or posterior part of the laryngeal inlet; 3, epiglottis; and 4, no glottal view or view of epiglottis. 
Results
The LT was inserted without any problems in all 24 children, whose characteristics are presented in Table 1 . After palpating the cricoid cartilage, the LT was aligned alongside the lateral side of the patient's head and neck so that the distal balloon of the LT was placed just posterior to the cricoid cartilage. The path of LT was adjusted to pass via the mandible angle, and the anaesthesiologist marked the position of the upper incisor on the tube. The LT was then inserted until the marking point was placed on the upper incisor. A, vs 83% with methods B and C. Air leaks at an airway pressure ,15 cm H 2 O were detected more frequently with method A (79%) compared with methods B (17%) and C (17%). In method A, bilateral chest movement was inadequate in five patients (21%) and the capnogram was abnormal in eight patients (33%). Except for one patient, all attempts with methods B and C showed bilateral chest movement and normal capnography. Methods B and C also allowed significantly better views of the vocal cords via fiberoptic bronchoscopy than method A (P,0.001) ( Table 2 ). There was no desaturation below 90%, bleeding, or any injuries to the upper airway during the study.
Discussion
The manufacturer's guideline recommends that the LT should be inserted until the teeth mark is at the level of the upper teeth; this study demonstrates that this leads to unacceptable positioning of the LT #2 in most children. The distance we measured from the cricoid cartilage to the upper teeth and feeling resistance do, however, offer a more reliable guide. The reason for the poor performance of the manufacturer's recommended method with LT #2 is that it is stated as being suitable for children weighing 12-25 kg. There is clearly to be expected a great variation in the dimensions of the upper airway within this group. We found that, in the majority of such children, the LT #2 had to be inserted to a greater depth than indicated by the thick teeth mark (1.8 (0.8) [0 -3.6] cm deeper with method B and 1.5 (0.9) [0 -3.5] cm deeper with method C). If we consider the distance between the thick teeth mark and thin teeth mark is only 0.9 cm, it is far out of the recommended range. This insufficient depth of insertion of the LT allows the distal cuff to move upwards during inflation, leading to ventilatory obstruction and leakage.
For adequate ventilation, optimal cuff size and insertion depth are essential. In all children except one, the lungs could be successfully ventilated with LT #2 by methods B and C. We assumed that, in the patient whose lungs could not be ventilated (9 yr, 25 kg, 118 cm), the cuff was too small; there was a large leak.
Another insertion guideline is the sensation of resistance at the oesophageal inlet. However, the sensation of resistance is not well defined, because the pressure of the upper oesophageal sphincter is reduced during sleep, 7 and in infants and the elderly. 8 -10 Thus, this method did not always work in fully relaxed children, or in the hands of novices. Our results offer an alternative guideline as to the optimal depth for LT insertion and positioning. When the anaesthesiologist cannot be sure of the resistance of the oesophageal inlet, method C offers a useful alternative.
Previous studies suggested that lifting the chin or head extension improves ventilation.
11 -13 Therefore, we inserted the LT and ventilated the lungs with the patient's head and neck in the sniffing position.
When correctly inserted, the distal tip of the LT is positioned in the hypopharynx and the ventilation holes are opposite the larynx. With the measured length insertion technique, this allowed the vocal cords to be seen in 75% of patients, compared with 0% in Bortone's study 5 and 42% in Cook's study. 9 In conclusion, insertion based on the manufacturer's teeth mark in paediatric patients can lead to insufficiently deep positioning of the LT and inadequate ventilation. The measured length from the cricoid cartilage to the upper teeth offers a good alternative. 
